A novel technique, ultrasound-guided injection of the temporalis tendon in adults, is described. Ultrasound-guided injection of the temporalis tendon is based on visualization of the temporalis muscle, temporalis tendon, and coronoid process. A practical step-by-step guide to doing the procedure is given. This technique is effective and reproducible. Two patients successfully treated with this technique will be briefly discussed. The anatomic location and size of the temporalis tendon make it mandatory to use ultrasound to ensure precision.
I
ntraoral injection of the distal temporalis tendon of the lower mandible directed via manual palpation has been reported in the literature. [1] [2] [3] [4] [5] Palpation of the distal temporalis tendon intraorally, however, is generally discouraged because of poor accuracy and difficulty differentiating it from the lateral and medial pterygoid muscles, buccinator muscle, and general oral mucosa. [6] [7] [8] [9] As well, there is little space for the examiner's finger to reach and specifically palpate the precise anatomic location of the distal temporalis tendon. [6] [7] [8] [9] The coronoid process is also not palpable extraorally, as it lies deep to the zygomatic arch. 10 Due to the complex and dense anatomy of the region, blind injection may result in an unintentional injury. 4 The structures in close proximity to the mandible include the muscles of mastication, branches of the mandibular nerve (fifth cranial nerve), including the buccal, lingual, and inferior alveolar nerves ( Figure  1A ), chorda tympani nerve (branch of the facial nerve, seventh cranial nerve), otic ganglion, and vessels, including the maxillary artery and its branches as well as the pterygoid venous plexus. As such, carefully performed ultrasound-guided anesthetic or cortisone injection of the temporalis tendon is suggested. This procedure is useful in the differential diagnosis of chronic facial pain. In our experience, this precision-guided method has also proved to be superior in comparison to blind injection via palpation of the anatomic location.
Anatomy
The temporal muscle is a broad radiating muscle that arises like a fan from most of the temporal fossa (except the zygomatic portion) and deep surface of the temporal fascia. It can be divided into superficial, deep, and posterior divisions that converge into the terminal tendon. This tendon is approximately 20 mm on average and passes deep into the zygomatic arch and superficial to the cranial wall. ( Figure  1B ). In the inferior quarter, the fasica divides into 2 lamellae. At the level of the arch, the lamellae are in close contact and bound by dense connective tissue in which the middle temporal artery often runs. The distal insertion of the temporal tendon attaches to the medial surface, apex, and anterior and posterior borders of the coronoid process as well as the anterior border of the mandibular ramus to almost the level of the third molar tooth. Superficial to it are important structures such as superficial temporal vessels, the auriculotemporal nerve, temporal branches of the facial nerve, and the zygomaticotemporal nerve. Medial to it are the maxillary artery and its deep temporal branches, deep temporal nerves, and buccal nerves and vessels as well as portions of the medial and lateral pterygoids and masseter. Deep to it are masseteric vessels and nerves. 11, 12 It has been reported that only 2 of 24 commonly used medical and dental anatomy textbooks correctly described or illustrated, although unlabeled, the anterior distal temporalis tendon insertion on the retromolar triangle area.
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The anatomy clearly illustrates that the temporalis muscle, tendon, and surrounding region contain several different anatomic structures confined in a small space, making the area hard to both visualize and specifically palpate. [6] [7] [8] [9] 11, 12, [16] [17] [18] The anatomic attachment of the temporalis tendon at the coronoid process can be variable. Ultrasound is therefore also useful for visualization of the temporalis tendon attachment, either confirming the expected anatomy or allowing the variation to be noted and allowing for a precise injection technique.
Materials and Methods
Informed consent was obtained from the patients before the procedures. Ethics Committee approval was granted by North York General Hospital. The patient can be positioned sitting or lying down on a stretcher. The supine position with the jaw tilted away from the side to be examined is preferred. This position enables more stability for transducer positioning, also allows for further patient comfort, and is safer if the patient develops a vasovagal attack. 19, 20 A linear 15-7-MHz hockey stick transducer (Philips Healthcare, Bothell, WA) was used. A linear 12-5-or 15-7-MHz linear transducer is also suitable. There has been no reported difference in diagnostic efficacy between dynamic and static scans or among types of transducers used for evaluation of the temporomandibular joint, 18 and this similarity also believed to be the case for evaluating the temporalis tendon.
To visualize the temporalis tendon, the transducer is best placed inferior to the anterior aspect of the zygomatic arch, unlike the temporomandibular joint, where it is placed over the articular surface of the mandibular condyle (Figure 2 ). When the mandible is in the closedmouth position, the coronoid process is anatomically underneath the zygomatic arch and is therefore inaccessible. 10 Opening the mouth fully will bring the coronoid process out from under the arch to be visualized. The temporalis tendon insertion can be visualized in the sagittal plane (long axis) in both the open-and closedmouth positions but is best visualized in the axial plane (short axis) in the open-mouth projection, which is optimal for injection (Figure 3) .
To locate the tendon at the coronoid process, the transducer is initially directed along the long axis and then moves tangentially at the coronoid process in the axial plane to visualize both the medial and lateral components of the distal temporalis tendon at the level of the coronoid process in the open-mouth projection. The distal temporalis tendon inferior to the coronoid process or retromolar space cannot be visualized by ultrasound. Once the musculotendinous junction is visualized, the needle is then directed to the medial insertion ( Figure 4) . This injection method preferably requires 2 operators; one to hold the transducer extraorally over the region of the distal temporalis tendon and the other to advance the needle intraorally along the short axis in line with the ultrasonic beam ( Figure 5 ). Intraoral injection is done rather than percutaneous injection, as it allows more immediate access to the temporalis tendon. Percutaneous access would involve traversing more tissue and structures, and the physician would be unable to direct the needle medial to the coronoid if necessary. The radiologist or sonographer is required to give feedback to the physician with regard to precise palpation and movement of the temporalis tendon just before needle insertion. The needle is advanced until the tip of the bevel is just adjacent to musculotendinous origin. Due to the small surface area and intraoral location of the temporalis tendon, a few attempts at needle placement may be required before the exact location is obtained. Although a 25-gauge, 38-mm hypodermic needle is usually required to reach the target, occasionally a short butterfly needle with flexible tubing could be used for easier manipulation and needle direction because of the small intraoral cavity.
Results
Two patients were treated. The indication was chronic facial pain secondary to temporalis tendinopathy, which was confirmed by both ultrasound and magnetic resonance imaging (Figure 6 ). These cases of chronic temporal tendinosis were long-standing. Patient 1 had more than 50 years of pain secondary to direct trauma to the mandible from a remote tobogganing accident. Patient 2's pain was secondary to a motor vehicle collision 10 years previously. Due to the long-standing nature of the pain and lack of durable results with previous intervention, the ultrasound-guided corticosteroid injections were administered for therapeutic purposes. Corticosteroid administration has been shown to provide short-term pain relief with a low risk of complications for other tendon sites. [21] [22] [23] Patient 1 initially had 7/10 to 8/10 pain, which decreased to 2/10 to 3/10 after treatment. Patient 2 presented with 7/10 pain, which decreased to 2/10. Both had almost 9 months of substantial pain relief.
Discussion
Although blind injection of the temporalis tendon has been reported in the dental literature in the way of case Figure 6 . Magnetic resonance images in the axial plane showing an abnormal enhancing inflamed right temporalis tendon and musculotendinous junction at the level of the coronoid process (outlined in red). Note the normal nonenhancing tendon on the left. The arrow points to the coronoid process.These images correspond to the findings seen on Figure 4 . studies, [1] [2] [3] [4] [5] to our knowledge, no report of the use of ultrasound either for precise diagnosis or injection has been published. The anatomy is complex and dense and, in some cases variable, with multiple structures, including the temporomandibular joint and somatic and autonomic nerves, confounding accurate diagnosis. [6] [7] [8] [9] 11, 12, [16] [17] [18] The process is made even more difficult by the inconsistent descriptions of the anatomy in most medical textbooks: only 2 of 24 commonly used medical and dental anatomy textbooks correctly described or illustrated the anterior distal temporalis tendon insertion on the retromolar triangle area. 13 Standard anatomy textbooks are not specialty based; therefore, the distal temporalis tendon is not detailed. These factors mean diagnosing temporalis tendinosis on the basis of palpation and the clinical history can be very challenging. Ultrasound imaging of this region is valuable in making an exact diagnosis.
Similarly, the complex anatomy 4 can lead to failure and possible complications when injecting via palpation or blindly. Blind placement of the needle is questioned and should be discouraged. 13 Direct ultrasound visualization of the temporalis tendon at the musculotendinous junction is essential to ensure the accuracy of the injection and reduce the risk of complications. Ultrasound is the only readily available tool for real-time soft tissue imaging. There is no associated radiation risk, and it is relatively quick, inexpensive, and easily done once the technique is perfected. The procedure can be easily undertaken on an outpatient basis in an office setting as long as a sterile procedure is followed.
In conclusion, imaging is required to locate the distal temporalis tendon and to confirm the presence of temporal tendinosis. The ultrasound-guided anatomic technique ensures correct injection of the direct temporalis tendon and prevents potential injury of any of the closely adjacent structures. This technique is practical for both the diagnosis and treatment of patients presenting with chronic facial pain syndromes.
